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Description 

[0001] The present invention relates to a sample sep- 
arating apparatus and method, and a substrate manu- 
facturing method and, for example, to an apparatus and 
method of separating a plate-like sample having an in- 
ternal fragile layer at the fragile layer, a sample support 
apparatus used in the separating apparatus, and a sub- 
strate manufacturing method using the separating ap- 
paratus. 

DESCRIPTION OF THE RELATED ART 

[0002] A substrate (SOI substrate) having an SOI (Sil- 
icon On Insulator) structure is known as a substrate hav- 
ing a single-crystal Si layer on an insulating layer. A de- 
vice using this SOI substrate has many advantages that 
cannot be achieved by ordinary Si substrates. Examples 
of the advantages are as follows. 

(1) The integration degree can be increased be- 
cause dielectric isolation is easy. 

(2) The radiation resistance can be increased. 

(3) The operating speed of the device can be in- 
creased because the stray capacitance is small. 

(4) No well step is necessary. 

(5) Latch-up can be prevented. 

(6) A completely depleted field-effect transistor can 
be formed by thin film formation. 

[0003] Since an SOI structure has the above various 
advantages, researches have been made on its forma- 
tion method for several decades. 
[0004] As one SOI technology, an SOS (Silicon On 
Sapphire) technology by which Si is heteroepitaxially 
grown on a single-crystal sapphire substrate by CVD 
(Chemical Vapor Deposition) has been known for a long 
time. This SOS technology was once recognized as the 
most matured SOI technology. However, the SOS tech- 
nology has not been put into practical use to date be- 
cause, e.g., a large amount of crystal defects are pro- 
duced by lattice mismatch in the interface between the 
Si layer and the underlying sapphire substrate, alumi- 
num that forms the sapphire substrate mixes in the Si 
layer, the substrate is expensive, and it is difficult to ob- 
tain a large area. 

[0005] Various SOI technology appeared following 
the SOS technology. For these SOI technologies, vari- 
ous methods have been examined aiming at reducing 
crystal defects or manufacturing cost. There are a meth- 
od of implanting oxygen ions into a substrate to form a 
buried oxide layer, a method of bonding two wafers via 
an oxide film and polishing or etching one of the wafers 
to leave a thin single-crystal Si layer on the oxide film, 
and a method of implanting hydrogen ions to a prede- 
termined depth from the surface of an Si substrate hav- 
ing an oxide film, bonding the Si substrate to the other 
substrate, and peeling the latter substrate (the other 



substrate) by a heat treatment while leaving a thin sin- 
gle-crystal Si layer on the oxide film. 
[0006] The present applicant has disclosed a new SOI 
technology in Japanese Patent Laid-Open No. 5-21338. 

5 In this technology, a first substrate obtained by forming 
a non-porous single-crystal layer (including a single- 
crystal Si layer) on a single-crystal semiconductor sub- 
strate having a porous layer is bonded to a second sub- 
strate via an insulating layer (Si0 2 ), and the two sub- 

10 strates are separated from the porous layer to transfer 
the non-porous single-crystal layer to the second sub- 
strate. This technology is advantageous in that the SOI 
layer has high film thickness uniformity, the crystal de- 
fect density in the SOI layer can be decreased, the SOI 

15 layer has high surface planarity, no expensive special 
fabrication apparatus is necessary, and SOI substrates 
having SOI films about a few hundred ~ to 10 urn thick 
can be fabricated by the same fabrication apparatus. 
[0007] In addition, the present applicant has disclosed 

20 another technology in Japanese Patent Laid-Open No- 
7-302889 in which, after the first and second substrates 
described above are bonded, the first substrate is sep- 
arated from the second substrate without breaking, and 
the separated first substrate is reused by smoothening 

25 the surface and again forming a porous layer. Since the 
first substrate can be economically used, this technolo- 
gy has the advantages that the fabrication cost can be 
largely reduced and the fabrication process is also sim- 
ple. 

30 [0008] In the above technologies, however, when the 
two bonded substrates are separated it is necessary to 
prevent damages to the substrates and protect the fab- 
rication apparatus and the like from contamination 
caused by the generation of particles. 

35 

SUMMARY OF THE INVENTION 

[0009] In a first aspect, the present invention provides 
a method of separating a plate-like sample at an internal 
40 fragile layer as defined in claim 1 , the method compris- 
ing the steps of: 

holding the sample between respective contact por- 
tions of two opposing holding portions so as to 
45 sandwich the sample; and 

ejecting a fluid towards the fragile layer at the edge 
of the sample so as to inject fluid into the sample, 
thereby separating the sample, 

50 characterized in that: 

the contact portions are configured so as to cause 
a face of the held sample to become corrugated during 
the step of ejecting the fluid. 

[0010] In a second aspect, the present invention pro- 
55 vides a method of manufacturing a substrate, the meth- 
od comprising the steps of: 

sequentially forming a porous layer and a non-po- 
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rous layer on a first substrate to produce a first com- 
posite slab; 

forming an insulating layer on a second substrate 
(14) to produce a second composite slab; 
bringing the non-porous layer and the insulating lay- 5 
er into contact and bonding the first and second 
composite slabs to form a plate-like sample in which 
the porous layer is an internal fragile layer; and 
separating the plate- like sample at the porous layer 
by a method as described above. 10 

[0011] In a third aspect, the present invention pro- 
vides a support apparatus accordind to claim 7. 
[0012] In a fourth aspect, the present invention pro- 
vides a support apparatus as defined in claim 8. 15 
[0013] In a fifth aspect, the present invention provides 
a support apparatus as defined in claim 9. 
[0014] In a sixth aspect, the present invention pro- 
vides a separating device for separating a plate-like 
sample at an internal fragile layer, the separating appa- 20 
ratus comprising: 

a jet unit for ejecting a fluid towards the fragile layer 
in the direction of the thickness the sample; and 
a support apparatus for supporting the sample in 25 
the path of the fluid, the support apparatus having 
the features recited above in one of the third, fourth 
or fifth aspects. 

[0015] Further objects, features and advantages of 30 
the present invention will become apparent from the fol- 
lowing detailed description of embodiments of the 
present invention with reference to the accompanying 
drawings. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

Figs. 1 A to 1 E are views for explaining a method of 40 
manufacturing an SOI substrate; 
Fig. 2 is a view showing the schematic arrangement 
of a separating apparatus according to the first em- 
bodiment of the present invention; 
Fig. 3 is a perspective view of substrate holding por- 45 
tions according to the first example of the first em- 
bodiment; 

Fig. 4 is a front view of the substrate holding portion 
according to the first example of the first embodi- 
ment; 50 
Fig. 5 is a sectional view of the substrate holding 
portions according to the first example of the first 
embodiment; 

Fig. 6 is a view showing a modification of the sub- 
strate holding portion according to the first example 55 
of the first embodiment; 

Fig. 7 is a view showing another modification of the 
substrate holding portion according to the first ex- 



ample of the first embodiment; 
Fig. 8 is a view showing still another modification of 
the substrate holding portion according to the first 
example of the first embodiment; 
Fig. 9 is a view showing still another modification of 
the substrate holding portion according to the first 
example of the first embodiment; 
Fig. 10 is a front view of a substrate holding portion 
according to the second example of the first embod- 
iment; 

Fig. 11 is a sectional view of the substrate holding 
portions according to the second example of the 
first embodiment; 

Fig. 12 is a perspective view of substrate holding 
portions according to the third example of the first 
embodiment; 

Fig. 13 is a perspective view showing a modification 

of the substrate holding portions according to the 

third example of the first embodiment; 

Fig. 14 is a perspective view of substrate holding 

portions according to the fourth example of the first 

embodiment; 

Fig. 1 5 is a perspective view showing a modification 

of the substrate holding portions according to the 

fourth example of the first embodiment; 

Fig. 16 is a perspective view of substrate holding 

portions according to the fifth example of the first 

embodiment; 

Fig. 17 is a front view of the substrate holding por- 
tion according to the fifth example of the first em- 
bodiment; 

Fig. 18 is a perspective view of substrate holding 
portions according to the sixth example of the first 
embodiment; 

Fig. 19 is a front view of the substrate holding por- 
tion according to the sixth example of the first em- 
bodiment; 

Fig. 20 is a perspective view showing a modification 
of the substrate holding portions according to the 
sixth example of the first embodiment; 
Fig. 21 is a perspective view showing another mod- 
ification of the substrate holding portions according 
to the sixth example of the first embodiment; 
Fig. 22 is a perspective view showing still another 
modification of the substrate holding portions ac- 
cording to the sixth example of the first embodi- 
ment; 

Fig. 23 is a perspective view showing still another 
modification of the substrate holding portions ac- 
cording to the sixth example of the first embodi- 
ment; 

Fig. 24 is a perspective view showing still another 
modification of the substrate holding portions ac- 
cording to the sixth example of the first embodi- 
ment; 

Fig. 25A and 25B are views showing a force acting 
on a bonded substrate stack in the presence and 
absence of a V-shaped groove; 
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Fig. 26 is a view showing the schematic arrange- 
ment of a separating apparatus in a comparative ex- 
ample not falling within the scope of the invention 
claimed; 

Fig. 27 is a perspective view of part of the separat- 
ing apparatus shown in Fig. 26; 
Fig. 28 is a view schematically showing separation 
processing; 

Fig. 29 is a view showing the schematic arrange- 
ment of a separating apparatus of a modification of 
the comparative example, also not falling under the 
scope of the claims. 

Fig. 30 is a view showing the schematic arrange- 
ment of substrate holding portions of a separating 
apparatus according to the second embodiment of 
the invention; 

Fig. 31 is a view showing the schematic arrange- 
ment of a substrate holding portion (on the first sub- 
strate side) in a modification of the second embod- 
iment; and 

Fig. 32 is a view showing the schematic arrange- 
ment of the other substrate holding portion (on the 
second substrate side) in the modification of the 
second embodiment. 

Figs. 33 A to 33 E are views for explaining another 
method of manufacturing an SOI substrate. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] Figs. 1 A to 1 E are views for explaining a meth- 
od of manufacturing an SOI substrate. 
[0018] Referring to Fig. 1A, a single-crystal Si sub- 
strate 11 is prepared, and a porous Si layer 12 is formed 
on the surface of the single-crystal Si substrate 11 by 
anodizing. Referring to Fig. 1B, a non-porous single- 
crystal Si layer 13 is epitaxially grown on the porous Si 
layer 1 2. With this process, a first substrate 1 0 is formed. 
[0019] Referring to Fig. 1C, a second substrate 20 
having an insulating layer (e.g., an Si0 2 layer) 15 
formed on the surface of a single-crystal Si substrate 14 
is prepared. The first substrate 10 . and the second sub- 
strate 20 are brought into contact with each other at 
room temperature such that the non-porous single-crys- 
tal Si layer 13 opposes the insulating layer 15. After this, 
the first substrate 10 and the second substrate 20 are 
bonded by anode bonding, pressing, heating, or a com- 
bination thereof. With this process, the non- porous sin- 
gle-crystal Si layer 13 and the insulating layer 15 are 
firmly bonded. The insulating layer 15 may be formed 
on the single-crystal Si substrate 14 side, as described 
above, on the non-porous single-crystal Si layer 13 as 
will be described later, or on both the single-crystal Si 
substrate 14 and the non-porous single-crustal Si layer 
1 3 sides as far as the state shown in Fig. 1 C is obtained 
by bringing the first and second substrates into contact. 
[0020] Referring to Fig. 1 D, the two substrates bond- 
ed to each other are separated at the porous Si layer 



12. The second substrate side (10" + 20) has a multi- 
layered structure of a porous Si layer 12", single-crystal 
Si layer 13, insulating layer 15, and single-crystal Si sub- 
strate 14. On the first substrate side (10*), a porous Si 
5 layer 12' is formed on the single-crystal Si substrate 11 . 
[0021] After separation, the remaining porous Si layer 
12' is removed from the substrate 10'. The surface of 
the substrate 10* is planarized, as needed, so the sub- 
strate 10' is used again as a single-crystal Si substrate 
io 11 for forming a first substrate 1 0. 

[0022] After the bonded substrate stack is separated, 
in Fig. 1E, the porous layer 12* on the second substrate 
side ( 1 0" + 20) is selectively removed. With this process, 
a substrate having a multilayered structure of the single- 
ts crystal Si layer 1 3, insulating layer 1 5, and single-crystal 
Si substrate 14, i.e., an SOI structure is obtained. 
[0023] Figs. 33A to 33E are views for explaining an- 
other method of manufacturing an SOI substrate. 
[0024] Referring to Fig. 33A, a single-crystal Si sub- 

20 strate 1 1 is prepared, and a porous Si layer 1 2 is formed 
on the surface of the single-crystal Si substrate 11 by 
anodizing. Referring to Fig. 338, a single-crystal Si layer 
13 as a non-porous layer is epitaxially grown on the po- 
rous Si layer 1 2. After this, the surface of the single-crys- 

25 tal Si layer 13 is oxidized to form an Si0 2 layer 15. With 
this process, a first substrate 10 is formed. 
[0025] Referring to Fig. 33C, a single-crystal Si sub- 
strate 14 is prepared as a second substrate 20. The first 
substrate 10 and the second substrate 20 are brought 

30 into contact with each other at room temperature such 
that the Si0 2 layer 15 of the first substrate 10 opposes 
the second substrate 20. The first substrate 10 and the 
second substrate 20 are bonded by anode bonding, 
pressing, heating, or a combination thereof. With this 

35 process, the second substrate 20 and the Si0 2 layer 1 5 
are firmly bonded. The Si0 2 layer 1 5 may be formed on 
the single-crystal Si substrate 11 side, on the second 
substrate 20, as described above, or on both the single- 
crystal Si substrate 11 and the second substrate 20 

40 sides as far as the state shown in Fig. 33C is obtained 
by bringing the first and second substrates into contact. 
[0026] Referring to Fig. 33D, the two substrates bond- 
ed to each other are separated at the porous Si layer 
12. The second substrate side has a multilayered struc- 

45 ture of a porous Si layer 12", single-crystal Si layer 13> 
Si0 2 layer 1 5, and single-crystal Si substrate 14. On the 
first substrate 10' side, the porous Si layer 12* is formed 
on the single-crystal Si. substrate 11. 
[0027] After separation, the remaining porous Si layer 

50 12' is removed from the substrate 10'. The surface of 
the substrate 10' is planarized, as needed, so the sub- 
strate 10* is used again as a single-crystal Si substrate 
11 for forming a first substrate 10. 
[0028] After the bonded substrate stack is separated, 

55 jn Fig. 33E, the porous layer 12" on the second sub- 
strate side (10" + 20) is selectively removed. With this 
process, a substrate having a multilayered structure of 
the single-crystal Si layer 13, insulating layer 15, and 
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single-crystal Si substrate 14, i.e., an SOI structure is 
obtained. 

[0029] As the second substrate, in addition to a single- 
crystal Si substrate, an insulating substrate (e.g., a sub- 
strate of silica glass) or a transparent substrate (e.g., a 
substrate of silica glass) can be used. 
[0030] In this example, to facilitate processing of 
bonding two substrates and separating them, a porous 
Si layer 12 having a fragile structure is formed in the 
separation region. In place of the porous layer, a micro- 
cavity layer may be formed. A microcavity layer can be 
formed by, e.g., implanting ions into a semiconductor 
substrate. 

[0031] The substrate manufactured by the above 
manufacturing method can be applied not only to man- 
ufacture a semiconductor device but also to manufac- 
ture a microstructure. 

[0032] In this example, in the step shown in Fig. 1D 
or 33D, i.e., in the step of separating the two substrates 
bonded to each other (to be referred to as a bonded sub- 
strate stack hereinafter), a separating apparatus for se- 
lectively ejecting a high-pressure liquid or gas (fluid) to 
the porous Si layer as a separation region is used to 
separate the substrate stack into two substrates at the 
separation region. 

[0033] Preferred embodiments of the present inven- 
tion will be described below with reference to the accom- 
panying drawings. 

[First Embodiment] 

[Basic Arrangement of Separating Apparatus] 

[0034] This separating apparatus uses the water jet 
method. Generally, the water jet method ejects a high- 
speed, high-pressure stream of water (when a hard ob- 
ject is to be cut, an abrasive is added to water) upon an 
object to, e.g., cut or process a ceramic, a metal, a con- 
crete, a resin, a rubber, or a wood member, remove a 
coating film from the surface, or clean the surface ("Wa- 
ter Jet", Vol. 1, No. 1, page 4, (1984)). Conventionally, 
the water jet method is used to perform the above-de- 
scribed cutting, processing, remove a coating film, or 
clean the surface mainly by partially removing the ma- 
terial. 

[0035] This separating apparatus ejects a high- 
speed, high-pressure stream of fluid to the porous layer 
(separation region) of the bonded substrate stack as a 
fragile structure portion in the direction of substrate sur- 
face to selectively break the porous layer, thereby sep- 
arating the substrate at the porous layer. The stream will 
be referred to as a "jet" hereinafter. The fluid forming a 
jet will be referred to as a "jet medium". As the jet me- 
dium, it is possible to use an organic solvent such as 
water or alcohol, an acid such as fluoric acid or nitric 
acid, an alkali such as potassium hydroxide, a gas such 
as air, nitrogen gas, carbonic acid gas, rare gas, or an 
etching gas, or a plasma. 



[0036] When this separating apparatus is to be ap- 
plied to manufacture a semiconductor device, e.g., sep- 
arate a bonded substrate stack, pure water with mini- 
mum impurity metals or particles is preferably used as 

5 the jet medium. However, since separation processing 
is a perfect low- temperature process, water with high 
purity need not always be used as the jet medium, and 
the substrate may be cleaned after completion of sepa- 
ration processing. 

10 [0037] In this separating apparatus, a jet is ejected to 
the porous layer (separation region) exposed to the side 
surface of the bonded substrate stack, thereby remov- 
ing the porous layer from the peripheral portion to the 
central portion. With this process, the bonded substrate 

15 stack is separated into two substrates by removing only 
the separation region with low mechanical strength with- 
out damaging the main body. Even when the side sur- 
face of the bonded substrate stack is covered with some 
thin layer, and the porous layer is not exposed, the thin 

20 Jayer can be removed by the jet, so the bonded substrate 
stack can be separated by the above-described method. 
[0038] To separate the bonded substrate stack only 
by the cutting force of jet, a high pressure of several 
thousand kgf/cm 2 or more must be applied to the jet me- 

25 dium. In this case, the outer peripheral portion of the 
bonded substrate stack may be damaged, or the internal 
pressure of the separation region may increase to break 
the bonded substrate stack. 

[0039] To avoid this situation, the pressure to be ap- 

30 plied to the jet medium is preferably set to be as low as 
about 500 kgf/cm 2 . When such a low-pressure jet is em- 
ployed, the bonded substrate stack is separated by in- 
jecting the jet medium into the bonded substrate stack 
to expand and split it into two substrates rather than by 

35 colliding the jet against the porous layer to cut the po- 
rous layer by impact. Therefore, offcut is rarely pro- 
duced, and damages to substrates decrease. In addi- 
tion, the jet medium need contain no abrasive. 
[0040] At the peripheral portion of the bonded sub- 

40 strate stack, the effect for splitting the bonded substrate 
stack into two substrates effectively acts when a V- 
shaped (concave) groove is formed in the bonded sub- 
strate stack along the side surface. Figs. 27A and 27B 
are views showing a force acting on the bonded sub- 

45 strate stack in the presence and absence of a V-shaped 
groove. Fig. 27A shows a bonded substrate stack hav- 
ing a V-shaped groove 22. Fig. 27B shows a bonded 
substrate stack having no V-shaped groove. 
[0041] As shown in Fig. 27A, in the bonded substrate 

50 stack having the V-shaped groove 22, a force (to be re- 
ferred to as a separation force hereinafter) is applied 
outward from the center of the bonded substrate stack, 
as indicated by an arrow 23. On the other hand, as 
shown in Fig. 27B, in the bonded substrate stack with a 

55 convex side surface, a force is applied inward from the 
side surface of the bonded substrate stack, as indicated 
by an arrow 24. In the bonded substrate stack having a 
convex side surface, the separation force does not act 
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unless the side surface of the porous layer 12 as the 
separation region is removed by a jet 21 . 
[0042] Even when a thin film is formed on the side sur- 
face of the bonded substrate stack, the separation force 
acts on the bonded substrate stack as far as the bonded 
substrate stack has the V-shaped groove 22, as shown 
in Fig. 27A, so the thin layer can be easily broken. 
[0043] To prevent damages to the substrates, the sep- 
aration force in the axial direction of the bonded sub- 
strate stack is preferably set to be several hundred gf/ 
cm 2 . 

[0044] To effectively use the jet, a width W1 of the V- 
shaped groove 22 is preferably equal to or larger than 
a diameter d of the jet 21. For example, assume that 
each of the first substrate (10) and the second substrate 
(20) has a thickness of about 1 mm, and the bonded 
substrate stack has a thickness of about 2 mm. Since 
the width W1 of the V-shaped groove 22 is normally 
around 1 mm, the diameter of the jet is preferably 1 mm 
or less. Since a general water jet apparatus uses a jet 
with a diameter of approximately 0.1 to 0.5 mm, such a 
general water jet apparatus (e.g. , a water jet nozzle) can 
be used. 

[0045] The nozzle for ejecting a jet can have not only 
a circular shape but any other shapes. For example, 
when a si it- like nozzle is employed to eject a jet having 
a long rectangular section, the jet can be efficiently in- 
jected into the separation region (inserted between the 
two substrates). 

[0046] The jet ejection conditions are determined in 
accordance with the type of separation region (e.g., a 
porous layer) or the shape of the side surface of the 
bonded substrate stack. Important parameters as the jet 
ejection conditions are the pressure applied to the jet 
medium, the jet scanning speed, the width or diameter 
of the nozzle (the nozzle diameter is almost the same 
as the jet diameter), the nozzle shape, the distance be- 
tween the nozzle and the separation region, and the flow 
rate of the jet medium. 

[0047] The following techniques are used to separate 
the bonded substrate stack. 1) The jet is injected into 
the bonding interface parallel to the bonding interface 
while the nozzle is scanned along the bonding interface. 
2) The jet is injected into the bonding interface parallel 
to the bonding interface while the bonded substrate 
stack is scanned. 3) The jet is injected into the bonding 
interface parallel to the bonding interface and simulta- 
neously scanned in a fan shape at a pivot near the noz- 
zle. 4) The jet is injected into the bonding interface par- 
allel to the bonding interface while the bonded substrate 
stack is rotated about nearly the center of the bonded 
substrate stack (this technique is particularly effective 
when the bonded substrate stack has a disk shape). The 
jet need not always be ejected to be perfectly parallel to 
the bonding interface. 

[0048] Fig. 2 is a view showing the schematic ar- 
rangement of a separating apparatus according to the 
first embodiment of the present invention. To separate 



a bonded substrate stack by a low-pressure jet, a sep- 
arating apparatus 100 supports the bonded substrate 
stack such that the separation force efficiently acts on 
the bonded substrate stack. As a specific example, the 

5 separating apparatus 1 00 supports a bonded substrate 
stack such that the bonded substrate stack can expand 
at its central portion by the pressure of the jet medium 
injected into the bonded substrate stack. As another ex- 
ample, the separating apparatus 1 00 supports a bonded 

10 substrate stack such that the bonded substrate stack 
can corrugate by the pressure of the jet medium injected 
into the bonded substrate stack. 
[0049] The separating apparatus 100 has substrate 
holding portions 120 and 150 having vacuum chuck 

is mechanisms. A bonded substrate stack 101 is sand- 
wiched by the substrate holding portions 120 and 150 
and held. The bonded substrate stack 101 has a porous 
layer 101b as an internal fragile structure and is sepa- 
rated into two substrates 101a and 101c at the porous 

20 layer 101b by the separating apparatus 100. In this sep- 
arating apparatus 1 00, the bonded substrate stack is set 
such that the substrate 101a is placed on the first sub- 
strate ( 1 0 *) side in Fig. 1 D or 4 1 D and the substrate 101c 
is placed on the second substrate (10" + 20) side in Fig. 

25 1Dor41D. 

[0050] The substrate holding portions 120 and 150 
are present on the same rotary axis. The substrate hold- 
ing portion 120 is coupled to one end of a rotary shaft 
104 which is rotatably axially supported by a support 

30 base 109 through a bearing 108. The other end of the 
rotary shaft 1 04 is coupled to the rotary shaft of a motor 
110. The rotational force generated by the motor 110 
rotates the bonded substrate stack 101 vacuum- 
chucked by the substrate holding portion 120. In sepa- 

35 rating the bonded substrate stack 101, the motor 110 
rotates the rotary shaft 104 at a designated rotation 
speed in accordance with an instruction from a controller 
(not shown). 

[0051] The substrate holding portion 150 is coupled 

to to one end of a rotary shaft 103 which is rotatably and 
slidably axially supported by the support base 109 
through a bearing 111. The other end of the rotary shaft 
1 03 is coupled to an air cylinder 112 fixed on the support 
base 109. When the air cylinder 112 pushes the rotary 

45 shaft 1 03, the bonded substrate stack 1 0 1 is pressed by 
the substrate holding portion 1 50. 
[0052] The substrate holding portions 120 and 150 
can be detached from the rotary shafts 104 and 103, 
respectively. The substrate holding portions 120 and 

50 1 50 have one or a plurality of suction holes 1 8 1 and 1 82 
as vacuum chuck mechanism, respectively. The suction 
holes 181 and 182 communicate with rotary seal por- 
tions 104a and 103a through the rotary shafts 104 and 
103, respectively. The rotary seal portions 104a and 

55 103a are coupled to vacuum lines 104 b and 103b, re- 
spectively. These vacuum lines 1 04b and 103b have so- 
lenoid valves. By controlling the solenoid valves, setting/ 
removal of the bonded substrate stack 101 can be con- 
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trolled. 

[0053] The substrate holding portions 120 and 150 
hold the bonded substrate stack 101 such that the sep- 
aration force efficiently acts on the bonded substrate 
stack 101 in separation processing. Specific arrange- 
ments of the substrate holding portions 120 and 1 50 will 
be described later. 

[0054] Substrate separation processing using this 
separating apparatus 100 will be described below. 
[0055] To set the bonded substrate stack 101 in the 
separating apparatus 100, first, the rotary shaft 103 is 
retracted by the air cylinder 112 to set a predetermined 
interval between the chucking surfaces of the substrate 
holding portions 120 and 150. After the bonded sub- 
strate stack 101 is mounted on an alignment shaft 113, 
the air cylinder 112 pushes the rotary shaft 103, so the 
bonded substrate stack 101 is pressed and held (the 
state shown in Fig. 2). The alignment shaft 113 is rotat- 
ably axially supported by the support base 109 through 
bearings 105 and 107. 

[0056] In this embodiment, the bonded substrate 
stack 101 is held not by vacuum chucking but by the 
pressing force of the air cylinder 112. The pressing force 
is preferably about 1 00 to 2000gf . The bonded substrate 
stack 101 may be vacuum-chucked, as a matter of 
course. In separation processing, the air cylinder 112 is 
preferably controlled to maintain a predetermined inter- 
val between the substrate holding portions 120 and 1 50. 
[0057] A jet medium (e.g. , water) is sent from a pump 
114 to a nozzle 102, and processing waits until the jet 
ejected from the nozzle 102 stabilizes. When the jet sta- 
bilizes, a shutter 1 06 is opened to inject the jet into the 
separation region of the bonded substrate stack 101. At 
this time, the bonded substrate stack 101 is rotated by 
the motor 110. The rotary shaft 104, substrate holding 
portion 120, bonded substrate stack 101, substrate 
holding portion 150, and rotary shaft 103 integrally ro- 
tate. 

[0058] When the jet is injected, a separation force due 
to the pressure of the jet medium continuously injected 
into the porous layer 101b as a fragile structure acts on 
the bonded substrate stack 1 01 to break the porous lay- 
er 101b which connects the substrates 101a and 101c. 
With this processing, the bonded substrate stack 101 is 
separated into two substrates in about 2 min. 
[0059] When the bonded substrate stack 101 is sep- 
arated into two substrates, the shutter 1 06 is closed, and 
the operation of pump 114 is stopped. By stopping rota- 
tion of the motor 110 and controlling the above-de- 
scribed electromagnetic valves, the separated sub- 
strates are vacuum-chucked by the substrate holding 
portions 120 and 150. 

[0060] When the air cylinder 112 retracts the rotary 
shaft 103, the surface tension of the jet medium (e.g., 
water) is cut off to split the two physically separated sub- 
strates to both sides. 

[0061] When the separation force is to efficiently act 
on the bonded substrate stack 101 , the structure of the 



substrate holding portions 120 and 150 must be opti- 
mized. In this embodiment, the separation force is effi- 
ciently used by ensuring a space in which the bonded 
substrate stack deflects in separation processing. Pref- 
5 erable arrangements of substrate holding portions will 
be listed below. In the following examples, the substrate 
holding portions 1 20 and 1 50 have a symmetrical struc- 
ture. However, the substrate holding portions 120 and 
150 may have independent structures. 

10 

[First Example of Substrate Holding Portion] 

[0062] Figs. 3 to 5 are views showing the arrangement 
of substrate holding portions according to the first ex- 
15 ample of the present invention. Fig. 3 is a perspective 
view, Fig. 4 is a front view, and Fig. 5 is a sectional view. 
Substrate holding portions 121 and 151 shown in Figs. 
3 to 5 are examples of the substrate holding portions 

120 and 150 shown in Fig. 2, respectively. 

20 [0063] The substrate holding portions 121 and 151 of 
the first example have annular contact portions 121a 
and 151a which come into contact with the bonded sub- 
strate stack 101. With this structure, the bonded sub- 
strate stack 101 can deflect having "nodes" at a portion 

25 sandwiched by the contact portions 121a and 151a and 
"antinodes" near the central and peripheral portions of 
the bonded substrate stack 1 0 1 . In other words, the sub- 
strate holding portions 121 and 151 have a structure in 
which the central portion of the bonded substrate stack 

30 101 can expand in separation processing or a structure 
in which the bonded substrate stack 101 can corrugate 
in separation processing. When the substrate holding 
portions 121 and 151 having this structure are em- 
ployed, the separation force can efficiently act inside the 

35 bonded substrate stack 101. 

[0064] With the use of the substrate holding portions 

121 and 151, separation progresses from the side sur- 
face portion of the bonded substrate stack 101 to the 
vicinity of the contact portions 121a and 151a in about 

*o 30 sec after the start of jet injection into the bonded sub- 
strate stack 101 (separation processing). In about 2 min 
after the start of separation processing, the bonded sub- 
strate stack 101 warps outward at its central portion to 
form "antinodes" and is completely separated. 

45 [0065] The outer diameter of each of the contact por- 
tions 121a and 151a is preferably, e.g., 30 to 50 mm. 
The inner diameter of each of the contact portions 121a 
and 151a can be smaller than the outer diameter by, e. 
g., approximately 10 mm. However, for easy deflection 

50 of the substrate stack to be separated, the inner diam- 
eter of each of the contact portions 121a and 151a is 
preferably close to the outer diameter. 
[0066] Any other substrate holding portion can pro- 
vide the same effect as described above as far as it al- 

55 lows the bonded substrate stack 1 01 to deflect forming 
"nodes" and "antinodes". Figs. 6 to 9 are front views 
showing modifications of the substrate holding portion 
according to the first example. Reference numerals 
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122a, 152a, 123a, 153a, 124a, 154a, 125a, and 155a 
denote contact portions at which the substrate holding 
portions are in contact with the bonded substrate stack 
101. Figs. 6 to 8 show examples of a contact portion 
having a polygonal shape with a hollow center Fig. 9 
shows an example of contact portion whose center is 
shifted from the center of the bonded substrate stack 
101. These are examples of a stripe-shaped contact 
portion. 

[Second Example of Substrate Holding Portion] 

[0067] Fig. 10 and 11 are views showing the arrange- 
ment of substrate holding portions according to the sec- 
ond example of the present invention. Fig. 10 is a front 
view, and Fig. 11 is a sectional view. Substrate holding 
portions 126 and 156 shown in Figs. 10 and 11 are ex- 
amples of the substrate holding portions 120 and 150 
shown in Fig. 2, respectively. 

[0068] The substrate holding portion 126 of this ex- 
ample has two annular contact portions 126a and 126b 
which come into contact with the bonded substrate stack 
101. The substrate holding portion 156 has two annular 
contact portions 1 56a and 1 56b which come into contact 
with the bonded substrate stack 101. The substrate 
holding portions 126 and 156 of this example are par- 
ticularly suitable to process a substrate stack with a 
large size (e.g., 8 inches or more). 
[0069] With these substrate holding portions 1 26 and 
156, the bonded substrate stack 101 can deflect having 
"nodes" at a circumferential portion sandwiched by the 
contact portions 126a and 156a and a portion sand- 
wiched by the contact portions 126b and 156b, and "an- 
tinodes" near the intermediate portion between the con- 
tact portions and the peripheral portion of the bonded 
substrate stack 101. 

[0070] When the substrate holding portions 126 and 
156 having a structure in which the bonded substrate 
stack 101 deflects while corrugating or expanding near 
the central portion are employed, the separation force 
can efficiently act inside the bonded substrate stack 
101. 

[0071] With the use of the substrate holding portions 
126 and 156, separation progresses from the side sur- 
face of the bonded substrate stack 101 to the vicinity of 
the outer contact portions 126a and 156a in about 30 
sec after the start of jet injection into the bonded sub- 
strate stack 101 (separation processing). In about 30 
sec after this, the bonded substrate stack 101 is sepa- 
rated to the outer contact portions 126b and 156b. In 
about 3 min after the start of separation processing, the 
bonded substrate stack 101 warps to form "nodes" and 
"antinodes" and is completely separated. 
[0072] The widths of the contact portions (diameter 
difference) can be arbitrarily determined. However, for 
easy deflection of the substrate stack to be separated, 
the width of each contact portion is preferably small. 
[0073] In this example, two sets of contact portions 



are formed. However, three or more sets of contact por- 
tions may be arranged. 

[Third Example of Substrate Holding Portion] 

5 

[0074] Fig. 12 is a perspective view showing the ar- 
rangement of substrate holding portions according to 
the third example of the present invention. Substrate 
holding portions 127 and 157 shown in Fig. 12 are ex- 
io amples of the substrate holding portions 120 and 150 
shown in Fig. 2, respectively. 

[0075] The substrate holding portions 127 and 1 57 of 
this example have a plurality of contact portions 1 27a 
and 157a which come into contact with the bonded sub- 

15 strate stack 101, respectively. Stated differently, this 
structure has annular contact portions 121a and 151a 
of the first example with grooves 127b and 157b which 
divide the contact portions 121a and 151a, respectively. 
[0076] The grooves 127b and 157b prevent the sep- 

20 aration force from excessively acting in the vicinity of the 
central portion of the bonded substrate stack 101. More 
specifically, when the grooves 127b and 157b are 
formed, the jet medium injected into the central portion 
of the bonded substrate stack 101 can be appropriately 

25 discharged, so the jet medium pressure can be prevent- 
ed from excessively increasing near the vicinity of the 
central portion. Therefore, the bonded substrate stack 
101 can be prevented from breaking because of a por- 
tion of the porous layer, where the mechanical strength 

30 is locally high and separation progresses slowly. 

[0077] With the use of the substrate holding portions 
127 and 157, separation progresses from the side sur- 
face of the bonded substrate stack 101 to the vicinity of 
the contact portions 1 27a and 1 57a in about 30 sec after 

35 the start of jet injection into the bonded substrate stack 
101 (separation processing). In about 2 min after the 
start of separation processing, the bonded substrate 
stack 101 warps outward at its central portion to form 
"antinodes" and is completely separated. 

40 [0078] Fig. 13 is a perspective view showing a modi- 
fication of the substrate holding portions shown in Fig. 
12. Substrate holding portions 128 and 158 shown in 
Fig. 13 are examples of the substrate holding portions 
120 and 150 shown in Fig. 2, respectively. 

45 [0079] The substrate holding portion 128 of this mod- 
ification has a plurality of columnar contact portions 
128a forming a circle on a main body 128b. The sub- 
strate holding portion 1 58 has the same arrangement 
as that of the substrate holding portion 128. With the 

50 substrate holding portions 1 28 and 1 58 as well, the jet 
medium pressure can be prevented from excessively in- 
creasing inside the bonded substrate stack 101, so the 
bonded substrate stack 101 can be prevented from 
breaking. 

55 

[Fourth Example of Substrate Holding Portion] 
[0080] Fig. 14 is a perspective view showing the ar- 
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rangement of substrate holding portions according to 
the fourth example of the present invention. Substrate 
holding portions 129 and 159 shown in Fig. 14 are ex- 
amples of the substrate holding portions 120 and 150 
shown in Fig. 2 ( respectively. 

[0081] The substrate holding portion 129 of this ex- 
ample has two types of arcuated contact portions 129a 
and 1 29c which come into contact with the bonded sub- 
strate stack 101. To put it differently, the structure has 
the annular contact portions 126a and 126b of the sec- 
ond example with grooves 128b and 128d which divide 
the contact portions 126a and 126b, respectively. The 
substrate holding portion 159 has the same arrange- 
ment as that of the substrate holding portion 129. 
[0082] With the use of the substrate holding portions 
129 and 159, separation progresses from the side sur- 
face of the bonded substrate stack 101 to the vicinity of 
the outer contact portion 129a in about 30 sec after the 
start of jet injection into the bonded substrate stack 101 
(separation processing). In about 30 sec after this, the 
bonded substrate stack 101 is separated to the vicinity 
of the inner contact portion 129c. In about 3 min after 
the start of separation processing, the bonded substrate 
stack 101 is completely separated while corrugating to 
form "nodes" and "antinodes". 

[0083] By forming grooves 129b and 129d in the ar- 
cuated contact portions 129a and ,129c, respectively 
(this also applies to the substrate holding portion 159), 
the jet medium pressure can be prevented from exces- 
sively increasing inside the bonded substrate stack 101. 
Hence, the bonded substrate stack 101 can be prevent- 
ed from breaking because of a portion of the porous lay- 
er, where the mechanical strength is locally high and 
separation progresses slowly. 

[0084] Fig. 15 is a perspective view showing a modi- 
fication of the substrate holding portions shown in Fig. 
14. Substrate holding portions 130 and 160 shown in 
Fig. 15 are examples of the substrate holding portions 
120 and 150 shown in Fig. 2, respectively. 
[0085] The substrate holding portion 1 30 of this mod- 
ification has a plurality of columnar contact portions 
130a forming double circles on a main body 130b. The 
substrate holding portion 160 has the same arrange- 
ment as that of the substrate holding portion 130. With 
the substrate holding portions 130 and 160 as well, the 
jet medium pressure can be prevented from excessively 
increasing inside the bonded substrate stack 1 0 1 , so the 
bonded substrate stack 101 can be prevented from 
breaking. 

[Fifth Example of Substrate Holding Portion] 

[0086] Figs. 16 and 17 are views showing the ar- 
rangement of substrate holding portions according to 
the fifth example of the present invention. Fig. 16 is a 
perspective view, and Fig. 17 is a front view. Substrate 
holding portions 131 and 161 shown in Figs. 16 and 17 
are examples of the substrate holding portions 120 and 



150 shown in Fig. 2, respectively. 
[0087] The substrate holding portions 131 and 161 of 
this modification has a plurality of columnar contact por- 
tions 131a and 161a on main bodies 131b and 161b, 

5 respectively. With the substrate holding portions 131 
and 161, the bonded substrate stack 101 can deflect 
and corrugate having "nodes" at a portion sandwiched 
by the contact portions 131a and 161a, so the separa- 
tion force can efficiently act inside the bonded substrate 

10 stack 101. In addition, since the jet medium discharge 
path is ensured, the jet medium pressure can be pre- 
vented from excessively increasing inside the bonded 
substrate stack 101. As a consequence, the bonded 
substrate stack 101 can be prevented from breaking be- 

15 cause of a portion of the porous layer, where the me- 
chanical strength is locally high and separation 
progresses slowly. 

[0088] With the use of the substrate holding portions 

131 and 161, the bonded substrate stack 101 is com- 
20 pletely separated in about 2 min after the start of jet in- 
jection into the bonded substrate stack 101 (separation 
processing). 

[Sixth Example of Substrate Holding Portion] 

25 

[0089] Figs. 18 and 19 are views showing the ar- 
rangement of substrate holding portions according to 
the sixth example of the present invention. Fig. 18 is a 
perspective view, and Fig. 19 is a front view. Substrate 

30 holding portions 132 and 162 shown in Figs. 18 and 19 
are examples of the substrate holding portions 120 and 
1 50 shown in Fig. 2, respectively. 
[0090] The substrate holding portions 132 and 162 of 
this example have cross-shaped (radial) contact por- 

35 tions 132a and 162a which come into contact with the 
bonded substrate stack 101, on main bodies 132b and 
162b, respectively. With the substrate holding portions 

132 and 162, the bonded substrate stack 101 can de- 
flect and corrugate forming "nodes" at a portion sand- 

40 wiched by the contact portions 132a and 162a, so the 
separation force efficiently acts on the bonded substrate 
stack 101. In addition, since the jet medium discharge 
path is ensured, the jet medium pressure can be pre- 
vented from excessively increasing inside the bonded 

45 substrate stack 101. Therefore, the bonded substrate 
stack 101 can be prevented from breaking because of 
a portion of the porous layer, where the mechanical 
strength is locally high and separation progresses slow- 
ly. 

50 [0091] With the use of the substrate holding portions 
132 and 162, the bonded substrate stack 101 is com- 
pletely separated in about 80 sec after the start of jet 
injection into the bonded substrate stack 101 (separa- 
tion processing). 

55 [0092] Figs. 20 to 24 are perspective views showing 
modifications of the substrate holding portions shown in 
Fig. 19. These substrate holding portions are examples 
of the substrate holding portions 120 and 150 shown in 
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Fig. 2. 

[0093] Substrate holding portions 1 33 and 1 63 shown 
in Fig. 20 have star-shaped contact portions 133a and 
163a which come into contact with the bonded substrate 
stack 101, on main bodies 133b and 163b, respectively. 
Substrate holding portions 134 and 164 shown in Fig. 

21 also have star-shaped contact portions 134a and 
1 64a which come into contact with the bonded substrate 
stack 101, on main bodies 134b and 164b, respectively. 
Substrate holding portions 135 and 165 shown in Fig. 

22 have, on main bodies 135b and 165b, contact por- 
tions 135a and 165a which come into contact with the 
bonded substrate stack 101, respectively. Each of the 
contact portions 135a and 165a is separated into four 
parts at its central portion and form a cross. A substrate 
holding portion 136 shown in Fig. 23 has columnar con- 
tact portions 136a which come into contact with the 
bonded substrate stack 101, on a main body 136b. A 
substrate holding portion 1.66 has the same arrange- 
ment as that of the substrate holding portion 136. Sub- 
strate holding portions 137 and 167 shown in Fig. 24 
have radial contact portions 137a and 167a which come 
into contact with the bonded substrate stack 101, on 
main bodies 137b and 167b, respectively. 

[Comparative Example not falling within the scope 
of the invention claimed] 

[0094] When this separating apparatus is to be ap- 
plied to manufacture a semiconductor substrate such as 
the above-described SOI substrate, pure water or ul- 
trapure water with minimum impurity metals or particles 
is preferably used as a jet medium. However, if the sub- 
strate is to be cleaned after separation, water having low 
purity may be used as a jet medium. 
[0095] The jet medium is not limited to water. It is pos- 
sible to use an organic solvent such as an alcohol, an 
acid such as fluoric acid or nitric acid, an alkali such as 
potassium hydroxide, a gas such as air, nitrogen gas, 
carbonic acid gas, rare gas, or an etching gas, or a plas- 
ma. 

[0096] In this separating apparatus, a jet is ejected to 
the porous layer (separation region) exposed to the side 
surface of the bonded substrate stack, thereby remov- 
ing the porous layer from the peripheral portion to the 
central portion. With this process, the bonded substrate 
stack is separated into two substrates by removing only 
the separation region with low mechanical strength with- 
out damaging the main body. Even when the side sur- 
face of the bonded substrate stack is covered with some 
thin layer, and the porous layer is not exposed, the thin 
layer can be removed by the jet, so the bonded substrate 
stack can be separated by the above-described method. 
[0097] At the outer peripheral portion of the bonded 
substrate stack, a V-shaped (concave) groove is prefer- 
ably formed along the side surface. Figs. 25A and 25B 
are views showing a force acting on the bonded sub- 
strate stack. Fig. 25A shows a bonded substrate stack 



having a V-shaped groove 22. Fig. 25B shows a bonded 
substrate stack having no V-shaped groove. 
[0098] As shown in Fig. 25A, in the bonded substrate 
stack having the V-shaped groove 22, a force (to be re- 

5 ferred to as a separation force hereinafter) is applied 
outward from the center of the bonded substrate stack, 
as indicated by an arrow 23. On the other hand, as 
shown in Fig. 25B, in the bonded substrate stack with a 
convex side surface, a force is applied inward from the 

10 side surface of the bonded substrate stack, as indicated 
by an arrow 24. In the bonded substrate stack having a 
convex side surface, the separation force does not act 
unless the side surface of a porous layer 1 2 as the sep- 
aration region is removed by a jet 21. 

15 [0099] Even when a thin film is formed on the side sur- 
face of the bonded substrate stack, the separation force 
acts on the bonded substrate stack as far as the bonded 
substrate stack has the V-shaped groove 22, as shown 
in Flog. 25A, so the thin layer can be easily broken. 

20 [01 00] To effectively use the jet, a width W1 of the V- 
shaped groove 22 is preferably equal to or larger than 
a diameter d of the jet 21. For example, assume that 
each of a first substrate ( 1 0) and a second substrate (20) 
has a thickness of about 1 mm, and the bonded sub- 

25 strate stack has a thickness of about 2 mm. Since the 
width W1 of the V-shaped groove 22 is normally around 
1 mm, the diameter of the jet is preferably 1 mm or less. 
Since a general water jet apparatus uses a jet with a 
diameter around 0.1 to 0.5 mm, such a general water 

30 jet apparatus (e.g., a water jet nozzle) can be used. 
[0101] The nozzle for ejecting a jet can have not only 
a circular shape but any other shapes. For example, 
when a slit- 1 ike nozzle is employed to eject a jet having 
a long rectangular section, the jet can be efficiently in- 

35 jected into the separation region (inserted between the 
two substrates). 

[0102] The jet ejection conditions are determined in 
accordance with the type of separation region (e.g., a 
porous layer) or the shape of the side surface of the 

40 bonded substrate stack. Important parameters as the jet 
ejection conditions are the pressure applied to the jet 
medium, the jet scanning speed, the width or diameter 
of the nozzle (the nozzle diameter is almost the same 
as the jet diameter), the nozzle shape, the distance be- 

45 tween the nozzle and the separation region, and the flow 
rate of the jet medium. 

[01 03] The following techniques are used to separate 
the bonded substrate stack. 1) The jet is injected into 
the bonding interface parallel to the bonding interface 

50 while the nozzle is scanned along the bonding interface. 
2) The jet is injected into the bonding interface parallel 
to the bonding interface while the bonded substrate 
stack is scanned. 3) The jet is injected into the bonding 
interface parallel to the bonding interface and simulta- 

55 neously scanned in a fan shape at a pivot near the noz- 
zle. 4) The jet is injected into the bonding interface par- 
allel to the bonding interface while the bonded substrate 
stack is rotated about nearly the center of the bonded 
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substrate stack (this technique is particularly effective 
when the bonded substrate stack has a disk shape). The 
jet need not always be ejected to be perfectly parallel to 
the bonding interface. 

[0104] The bonded substrate stack is separated not 5 
only when the pore walls break by the cutting force, i.e., 
the impact force of the jet colliding against the pore walls 
in the porous layer but also when the pore walls break 
by the pressure of jet medium injected into the porous 
layer. To prevent damages to the substrate, the separa- 10 
tion force acting in the axial direction of the bonded sub- 
strate stack is preferably set to be several hundred gf 
/cm 2 . 

[0105] To separate the bonded substrate stack using 
only the cutting force of jet, the jet must be ejected at a 15 
high pressure of 1,000 kg/cm 2 or more. If the bonded 
substrate stack is separated by such a high-pressure 
jet, the substrate may be damaged. The thickness of the 
bonded substrate stack is preferably about 0.5 to 1.0 
mm. However, when such a thin bonded substrate stack 20 
is to be separated by a high-pressure jet, and the porous 
layer locally has portions with high strength, the jet pres- 
sure (separation force) may abruptly increase to break 
the substrate because the discharge path of the jet me- 
dium is not ensured. 25 
[01 06] Preferably, a jet with a low pressure of approx- 
imately 500 kgf/cm 2 is used, and the shortage of cutting 
force is compensated for by the separation force. With 
this method, damages to the substrate can be prevented 
at a relatively high ratio. 30 
[01 07] However, to prevent damages to the substrate, 
the shape or characteristics of the member to be sepa- 
rated is preferably taken into consideration. For exam- 
ple, when the bonded substrate stack is to be separated 
to the first substrate (1 0') side and the second substrate 35 
(10" + 20) side, the bonded substrate stack holding 
method in separation processing is preferably optimized 
in consideration of the shape or characteristics (espe- 
cially, the strength) of the substrates. More specifically, 
the first substrate (10) is formed through various proc- *o 
esses (including high-temperature process) such as an- 
odizing, formation of an epitaxial layer, and oxidation 
and therefore readily breaks as compared to the second 
substrate (20). If the substrate is used again as the first 
substrate (10) by removing the porous layer remaining 45 
on the surface of the first substrate after separation, the 
first substrate becomes thinner by about 30 ^im every 
time an SOI substrate is manufactured. For this reason, 
as the number of times of reuse increases, the first sub- 
strate breaks during separation processing with higher 50 
probability. 

[01 08] In this example, a separating apparatus is dis- 
closed, in which the deflection amount by the separation 
force of the jet is made small for one of members to be 
separated, which has low strength and readily breaks, 55 
to prevent the member from breaking, and the deflection 
amount by the separation force of the jet is made large 
for a member which has high strength and hardly breaks 



to increase the efficiency of discharging the jet medium 
from the separation region (inside the member). 

[Arrangement of Separating Apparatus] 

[0109] A specific arrangement of the separating ap- 
paratus in the comparative example not falling within the 
scope of the invention claimed will be described below 
with reference to Figs. 26 to 28. 
[0110] The separating apparatus of this example is 
suitable to separate a bonded substrate stack having a 
porous layer or microcavity layer as an internal fragile 
structure. This separating apparatus can also be used 
to separate another member having an internal fragile 
structure. In this case, the building elements of the sep- 
arating apparatus must obviously be appropriately mod- 
ified in accordance with the shape of the member to be 
separated. 

[01 1 1] Fig. 26 is a view schematically showing the ar- 
rangement of the separating apparatus according to the 
comparative example. Fig. 27 is a perspective view 
showing part of the separating apparatus shown in Fig. 
26. Fig. 28 is a view schematically showing separation 
processing. 

[0112] A separating apparatus 2000 has substrate 
holding portions 2120 and 2130 having vacuum chuck 
mechanisms. A bonded substrate stack 101 is sand- 
wiched by the substrate holding portions 2120 and 2130 
and held. The substrate holding portion 2120 comes into 
contact with the bonded substrate stack 101 in a large 
area. The substrate holding portion 2130 comes into 
contact with the bonded substrate stack 101 in a small 
area. With this structure, the deflection amount be- 
comes small or no deflection occurs on one side of the 
bonded substrate stack 101 while the deflection amount 
in separation processing is made relatively large on the 
other side. 

[0113] The bonded substrate stack 101 has a porous 
layer 101b as an internal fragile structure and is sepa- 
rated into a first substrate 101a and a second substrate 
101c at the porous layer 101b by the separating appa- 
ratus 2000. The first substrate 101a corresponds to the 
above-described first substrate (10'), and the second 
substrate 101c corresponds to the above-described 
second substrate (10" + 20). 

[01 14] As described above, the first substrate 101a is 
formed through various processes (including high-tem- 
perature process) such as anodizing, formation of an 
epitaxial layer, and oxidation and therefore readily 
breaks as compared to the second substrate 101c. 
Therefore, when the first substrate 101a of the bonded 
substrate stack 1 01 is held by the substrate holding por- 
tion 21 20 having a large-area holding surface, deflection 
of the first substrate 101a can be limited during separa- 
tion processing and prevented from breaking. The sec- 
ond substrate 101c has a strength higher than that of 
the first substrate 101a and can withstand relatively 
large deflection. When the second substrate 101c is 
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held by the substrate holding portion 2130 having a 
small-area holding surface, the substrate 101c can de- 
flect to some extent in separation processing. With this 
structure, the jet medium injected between the sub- 
strates 101a and 101c can be efficiently discharged, and 
consequently, separation processing can be efficiently 
performed. 

[0115] The substrate holding portion 21 20 ts coupled 
to one end of a rotary shaft 104 which is rotatably axially 
supported by a support base 1 09 through a bearing 1 08. 
The other end of the rotary shaft 104 is coupled to the 
rotary shaft of a motor 110. The rotational force gener- 
ated by the motor 110 rotates the bonded substrate 
stack 101 . The motor 110 rotates the rotary shaft 104 at 
a designated rotation speed in accordance with an in- 
struction from a controller (not shown). 
[01 16J The substrate holding portion 21 30 is coupled 
to one end of a rotary shaft 103 which is rotatably and 
slidably axially supported by the support base 109 
through a bearing 111. The other end of the rotary shaft 
1 03 is coupled to an air cylinder 112 fixed on the support 
base 109. When the air cylinder 112 pushes the rotary 
shaft 103, the bonded substrate stack 101 is pressed by 
the substrate holding portion 2130. 
[0117] To limit the deflection amount of the first sub- 
strate 101a to an amount as small as possible, the di- 
ameter of the chucking surface of the substrate holding 
portion 2120 is preferably made equal to or larger than 
the diameter of the bonded substrate stack 101, and ad- 
ditionally, the chucking surface is preferably made flat 
to support the entire surface of the first substrate 101a. 
However, the shape of the chucking surface of the sub- 
strate holding portion 2120 is not limited to this. The 
chucking surface may be a curved surface such as a 
spherical surface or have a smaller area than the bond- 
ed substrate stack 101. That is, the shape of the chuck- 
ing surface of the substrate holding portion 2120 is de- 
termined in accordance with the allowable deflection 
amount of the first substrate 101a. 
[01 18] On the other hand, the shape of the chucking 
surface of the substrate holding portion 2130 is deter- 
mined within the allowable deflection amount range of 
the second substrate 101c such that the deflection 
amount of the second substrate 101c becomes larger 
than that of the first substrate 101a. 
[0119] The substrate holding portions 21 20 and 21 30 
are present on the same rotary axis. The substrate hold- 
ing portions 2120 and 2139 can be detached from the 
rotary shafts 104 and 103, respectively. The substrate 
holding portions 2120 and 2130 have vacuum chucking 
grooves on their holding surfaces. These grooves com- 
municate with vacuum lines extending through the rota- 
ry shafts 1 04 and 103, respectively. These vacuum lines 
are coupled to external vacuum lines through, e.g., ro- 
tary vacuum joints. The external vacuum lines have so- 
lenoid valves. By controlling the solenoid valves, setting/ 
removal of the substrate stack can be controlled. 
[0120] Substrate separation processing using this 



separating apparatus 2000 will be described below. 
[0121] To set the bonded substrate stack 101 in the 
separating apparatus 2000, first, the rotary shaft 103 is 
retracted by the air cylinder 112 to set a predetermined 
5 interval between the holding surfaces of the substrate 
holding portions 2120 and 2130. After the bonded sub- 
strate stack 101 is mounted on an alignment shaft 113, 
the air cylinder 112 pushes the rotary shaft 103, so the 
bonded substrate stack 101 is pressed and held (the 
10 state shown in Fig. 26). The alignment shaft 113 is ro- 
tatably axially supported through bearings 1 05 and 1 07. 
[0122] In this example, the bonded substrate stack 
101 is held not by vacuum chucking but by the pressing 
force of the air cylinder 112. The pressing force is pref- 
1$ erably about 1 00 to 2000gf. The bonded substrate stack 
101 may be vacuum-chucked, as a matter of course. 
[0123] A jet medium (e.g., water) is sent from a pump 
114 to a jet nozzle 102, and processing waits until the 
jet ejected from the jet nozzle 102 stabilizes. When the 
20 jet stabilizes, a shutter 106 is opened to inject the jet 
into the separation region of the bonded substrate stack 
101, and at the same time, the bonded substrate stack 
101 is rotated by the motor 110. At this time, the rotary 
shaft 104, substrate holding portion 2120, bonded sub- 
25 strate stack 101, substrate holding portion 2130, and ro- 
tary shaft 1 03 integrally rotate. The jet nozzle 1 02 is at- 
tached to a position adjustment mechanism (e.g., an 
X-Y stage), so the position from which the jet is injected 
into the bonded substrate stack 101 can be adjusted by 
30 the position adjustment mechanism. 

[0124] When the jet is injected, a separation force due 
to the pressure of jet medium continuously injected into 
the porous layer 101b as a fragile structure acts on the 
bonded substrate stack 101 to break the porous layer 
35 101b which connects the substrates 101a and 1 0 1 c. At 
this time, the substrates 101a and 101c deflect in the 
allowable ranges of the substrate holding portions 2120 
and2130. In this separating apparatus 2000, the deflec- 
tion amount of the substrate 1 01a is relatively small, and 
40 that of the substrate 101c is relatively large. 

[0125] With this processing, the bonded substrate 
stack 101 is separated into two substrates in about 2 
min. 

[0126] When the bonded substrate stack 101 is sep- 
45 arated into two substrates, the shutter 1 06 is closed, and 
the operation of pump 114 is stopped. By stopping rota- 
tion of the motor 110 and controlling the above-de- 
scribed electromagnetic valves, the separated sub- 
strates 101a and 101c are vacuum-chucked by the sub- 
50 strate holding portions 2120 and 2130. 

[0127] When the air cylinder 112 retracts the rotary 
shaft 103, the surface tension of the jet medium (e.g., 
water) is cut off to split the two physically separated sub- 
strates 101a and 101c to both sides. 
55 [0128] Modifications of the substrate holding portion 
of the separating apparatus 2000 will be described next. 
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[A Modification] 

[0129] In the separating apparatus of this modifica- 
tion, the substrate, holding portions 2120 and 2130 of 
the separating apparatus 2000 shown in Figs. 26 to 28 
are replaced with each other. Fig. 29 is a view showing 
the schematic arrangement of a separating apparatus 
2000' of this modification. 

[0130] In this separating apparatus 2000', the sub- 
strate holding portion 2120 holds the first substrate 101a 
side of the bonded substrate stack 101, and the sub- 
strate holding portion 2130 holds the second substrate 
101c. That is, in the separating apparatus 2000', the 
bonded substrate stack 1 01 is held such that the second 
substrate 101c is positioned on the side of the rotary 
shaft 104 whose horizontal position is fixed. 
[0131] This separating apparatus 2000* is suitable to 
reuse the first substrate 101a after separation as the first 
substrate (10) by removing the porous layer 101b re- 
maining on the surface of the substrate 101a. The rea- 
son for this is as follows. 

[0132] When the first substrate 101a is to be reused, 
the first substrate 1 01a becomes thinner in accordance 
with the number of times of reuse. For this reason, when 
separation processing is to be efficiently and appropri- 
ately performed in the separating apparatus 2000 
shown in Fig. 26, the jet nozzle 1 02 must be located im- 
mediately above the separation region of the bonded 
substrate stack 101 for every separation processing. If 
the position of the jet nozzle 102 is fixed, the jet may not 
be injected into the center of the porous layer 101b to 
damage the substrates 101a and 101c. 
[01 33] However, in the separating apparatus 2000* of 
this modification, as far as the bonded substrate stack 

101 whose second substrate 101c has a predetermined 
thickness is to be processed, the positional relationship 
between the porous layer 101b and the jet nozzle 102 
does not change even when the position of the jet nozzle 

1 02 is fixed. This is because the position of the substrate 
holding portion 2130 is fixed, and the second substrate 
101c held by the substrate holding portion 2130 has a 
predetermined thickness. 

[Second Embodiment] 

[01 34] In the second embodiment of the invention, the 
structure of each substrate holding portion of the sepa- 
rating apparatus 2000 shown in Figs. 26 to 28 is modi- 
fied. Fig. 30 is a view showing the schematic arrange- 
ment of the substrate holding portions of the separating 
apparatus of this embodiment. In this separating appa- 
ratus, a substrate holding portion 2121 having an almost 
circular chucking surface holds the first substrate 101a 
side of the bonded substrate stack 101, and a substrate 
holding portion 2131 having an almost annular chucking 
surface holds the second substrate 101c side of the 
bonded substrate stack 101. 

[0135] The substrate holding portions 2121 and 2131 



of this embodiment limit the deflection amounts of the 
first substrate 101a and that of the second substrate 
1 01 c in the allowable deflection amount ranges, respec- 
tively, and increase the efficiency of separation process- 
5 ing while preventing damages to the substrates 101a 
and 101c. 

[0136] Since the diameter of the substrate holding 
portion 21 21 is smaller than the bonded substrate stack 
101, the first substrate 101a deflects while warping at 

10 its outer peripheral portion in separation processing. 
The holding surface of the substrate holding portion 
2121 may be a flat surface or a curved surface such as 
a spherical surface. On the other hand, since the sub- 
strate holding portion 2131 has an annular holding sur- 

15 face, the substrate 101c deflects while corrugating form- 
ing "nodes" near the chucking surface (701 and 702 in 
Fig. 30) and "antinodes" at the outer peripheral portion 
and central portion. When the substrate holding portions 
2121 and 2131 with shapes allowing the second sub- 

20 strate 101c to deflect while corrugating are employed, 
the jet medium injected into the bonded substrate stack 
101 can be efficiently discharged. 
[0137] Separation processing was executed using 
this separating apparatus. After the jet was injected into 

25 the bonded substrate stack 101, the jet proceeded to 
the holding surface (70 1 in Fig. 30) of the substrate hold- 
ing portion 2131 in about 30 sec. After this, the jet pro- 
ceeded to the holding surface (702 in Fig. 30) on the 
opposite side after about 30 sec, and the substrate 101c 

30 deflected while corrugating, as shown in Fig. 30. The 
bonded substrate stack 101 was separated into two sub- 
strates in about 3 min. 

[0138] In separation processing of the bonded sub- 
strate stack 101, the jet medium is hardly discharged at 

35 (he central portion of bonded substrate stack. For this 
reason, the pressure of the jet medium readily increas- 
es, so the central portion is easily damaged as com- 
pared to the peripheral portion. Hence, when only the 
second substrate 101c with high strength is allowed to 

40 deflect while expanding to the substrate holding portion 
2131 side at its central portion, as in the substrate hold- 
ing portions of this modification, the discharge path of 
the jet medium can be ensured while preventing dam- 
ages to the first substrate 101a with low strength. 

45 

[A Modification] 

[01 39] In a modification of the second embodiment of 
the invention, the structures of the substrate holding por- 

50 tions 2120 and 2130 of the separating apparatus 2000 
shown in Figs. 26 to 28 are modified. Fig. 31 is a view 
showing a modification of the substrate holding portion 
2120 for holding the first substrate side. Fig. 32 is a view 
showing a modification of the substrate holding portion 

55 2130 for holding the second substrate side. 

[0140] As shown in Fig. 31, a substrate holding por- 
tion 2122 for holding the first substrate 101a side has a 
diameter slightly smaller than that of the bonded sub- 
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strate stack 101 and a flat chucking surface. Therefore, 
the first substrate 101a deflects while warping at its out- 
er peripheral portion in separation processing. 
[0141] On the other hand, as shown in Fig. 32, a sub- 
strate holding portion 2132 has a plurality of projecting 5 
chuck portions 2132a. The second substrate 101c side 
of the bonded substrate stack 101 is held by the tips of 
the plurality of chuck portions 2132a. When the second 
substrate 101c side is held by the projecting suction por- 
tions 2132a, the substrate 101c can easily deflect, and 10 
the jet medium injected into the bonded substrate stack 
101 can be efficiently discharged. To stably hold the 
bonded substrate stack 101, the number of projecting 
chuck portions 2132a is preferably three or more. 



Claims 

1. A method of separating a plate-like sample (101) at 

an internal fragile layer (101b), said method com- 20 
prising the steps of: 

holding the sample (101) between respective 
contact portions of two opposing holding por- 
tions (1 20, 1 50) so as to sandwich the sample; 25 
and 

ejecting a fluid towards said fragile layer at the 
edge of the sample so as to inject fluid into the 
sample, thereby separating the sample, 

30 

characterized in that: 

said contact portions are configured so as to 
cause a face of the held sample to become corru- 
gated during the step of ejecting the fluid. 

35 

2. A method of separating a plate-like sample accord- 
ing to claim 1, further including the step of rotating 
the two holding portions (120, 150) about shafts 
(103, 104) perpendicular to the holding surfaces so 

as to rotate the sample. 40 



comprising the steps of: 

sequentially forming a porous layer (12) and a 
non-porous layer ( 1 3) on a first substrate to pro- 
duce a first composite slab (10); 
forming an insulating layer (15) on a second 
substrate (14) to produce a second composite 
slab (20); 

bringing said non-porous layer and said insu- 
lating layer into contact and bonding said first 
and second composite slabs to form a plate-like 
sample (101) in which said porous layer is an 
internal fragile layer (101b); and 
separating said plate-like sample at said po- 
rous layer by a method according to any of 
claims 1 to 5. 

7. A support apparatus for supporting a plate-like sam- 
ple (1 0 1 ), said support apparatus being adapted for 
use in a separating device (1 00) for separating said 
sample at an internal fragile layer (101b) by the 
pressure of fluid ejected from a jet unit (102) pro- 
vided in said separating device and injected into 
said sample (101), said support apparatus having 
two opposing holding portions (1 20, 1 50) for holding 
respective opposing faces of the sample so as to 
sandwich the sample, the two holding portions hav- 
ing a contact portion for contacting a first part of a 
face of the sample so as to prevent substantial de- 
flection of said first part of said face of the sample 
and being characterized by: 

said at least one of the two holding portions 
having a contact portion comprising a raised portion 
(121a, 122a, 123a, 124a, 125a, 126a) surrounding 
a non-contact hollow portion for allowing deflection 
of a second part of said face of the sample, 

wherein said opposing portions are config- 
ured so as to allow a face of the held sample to be- 
come corrugated under the pressure of fluid ejected 
from said jet unit. 



3. A method of separating a plate-like sample accord- 
ing to either of claims 1 and 2, wherein the fragile 
layer ( 1 01 b) is a porous Si-layer (12) formed by an- 
odizing or an ion- implanted microcavity layer 
formed by ion implantation. 

4. A method of separating a plate-like sample accord- 
ing to any of claims 1 or 2, wherein the sample to 
be separated is a sample formed by bonding first 
and second substrates (10, 20) having different 
strengths. 

5. A method of separating a plate-like sample accord- 
ing to any of claims 1 to 4, wherein water is used as 
the ejected fluid. 

6. A method of manufacturing a substrate, the method 



8. A support apparatus for supporting a plate-like sam- 
ple (101), said support apparatus being adapted for 
use in a separating device (1 00) for separating said 
sample at an internal fragile layer (101b) by the 
pressure of fluid ejected from a jet unit (102) pro- 
vided in said separating device and injected into 
said sample (101), said support apparatus having 
two opposing holding portions (1 20, 1 50) for holding 
respective opposing faces of the sample so as to 
sandwich the sample, the two holding portions hav- 
ing a contact portion for contacting a first part of a 
face of the sample so as to prevent substantial de- 
flection of said first part of said face of the sample 
and being characterized by: 

said at least one of the two holding portions 
having a multiplicity of contact portions ( 1 26a, 1 27a, 
128a, 129a, 129c, 131a, 135a, 136a, 2132a) and a 
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non-contact portion for allowing deflection of a sec- 
ond part of said face of the sample, 

wherein said opposing portions are config- 
ured so as to allow a face of the held sample to be- 
come corrugated under the pressure of fluid ejected 
from said jet unit. 

9. A support apparatus for supporting a plate-like sam- 
ple (101 ), said support apparatus being adapted for 
use in a separating device (100) for separating said 
sample at an internal fragile layer (101b) by the 
pressure of fluid ejected from a jet unit (1 02) pro- 
vided in said separating device and injected into 
said sample (101), said support apparatus having 
two opposing holding portions (1 20, 1 50) for holding 
respective opposing faces of the sample so as to 
sandwich the sample, the two holding portions hav- 
ing a contact portion for contacting a first part of a 
face of the sample so as to prevent substantial de- 
flection of said first part of said face of the sample 
and being characterized by: 

said at least one of the two holding portions 
having a radial contact portion (132a, 133a, 134a, 
137a) and a non-contact portion for allowing deflec- 
tion of a second part of said face of the sample, 

wherein said opposing portions are config- 
ured so as to allow a face of the held sample to be- 
come corrugated under the pressure of fluid ejected 
from said jet unit. 

10. A support apparatus according to any of claims 7 to 
9, wherein the first and second holding portions 
(121, 151) form a symmetrical pair, such that in use 
the contact portion (121a) of the first holding portion 
is positioned opposite a respective contact portion 
(151a) of the second holding portion. 

11. A support apparatus according to either claim 7 or 
claim 8, wherein the contact portion of the first hold- 
ing portion (2131,2132) differs in size or shape from 
the contact portion of the second holding portion 
(2121,2122). 

12. A support apparatus according to claim 11 , wherein 
the contact portion of the second holding portion 
(2121, 2122) comprises a flat surface. 

13. A support apparatus according to claim 7, wherein 
the first holding portion (121,151) has a contact por- 
tion comprising concentric raised portions (126a, 
126b) surrounding an annular hollow portion. 

14. A support apparatus according to claim 7, wherein 
the first holding portions has one or a plurality of 
strip-shaped contact portions (122a, 123a). 

15. A support apparatus according to claim 8, wherein 
the first holding portion (127, 1 57) has one or a plu- 



rality of arcuate contact portions (127a, 157a). 

16. A support apparatus according to claim 8, wherein 
the first holding portion has a plurality of projecting 
5 contact portions (128a, 131a, 135a, 2132a) on a 
main body surface thereof, whereby the sample can 
be held by the tips of said plurality of projecting con- 
tact portions. 

10 17. A support apparatus according to any of claims 7 to 
16, wherein the first holding portion has a contact 
portion (138a, 168a) adapted to come into contact 
with a peripheral portion of the sample. 

15 18. A support apparatus according to claim 1 7, wherein 
said contact portion (138a, 168a) is adapted to con- 
tact the whole peripheral portion of the sample. 

19. A support apparatus according to any of claims 7 to. 
20 18, further comprising a limit portion (138b, 168b) 

for limiting the deflection of a face of the sample 
when said fluid is injected into the sample. 

20. A support apparatus according to any of claims 7 to 
25 19, further comprising an adjustment mechanism 

(112) for adjusting the distance between the holding 
portions (120, 150). 

21. A support apparatus according to claim 20, wherein 
30 said adjustment mechanism (112) is operable to 

press the sample to adjust the distance between the 
holding portions (120, 150). 

22. A support apparatus according to either claim 20 or 
35 21, wherein said adjustment mechanism (112) is 

operable to maintain a substantially constant dis- 
tance between the holding portions (120, 150). 

23. A support apparatus according to any of claims 7 to 
^0 22, wherein each holding portion (120, 150) has a 

chuck mechanism (181, 182) for vacuum-chucking 
the sample. 

24. A support apparatus according to any of claims 7 to 
45 23, further comprising a rotation mechanism (110) 

for rotating at least one of the first and second hold- 
ing portions (120, 150) about a shaft (104) perpen- 
dicular to the holding surfaces so as to rotate the 
sample. 

50 

25. A support apparatus according to any of claims 7 to 
24, adapted to hold a sample which comprises a 
substrate having a porous layer (12) as the fragile 
layer (101b). 

55 

26. A support apparatus according to claim 25, wherein 
the fragile layer ( 1 0 1 b) is a porous layer ( 1 2) formed 
by anodizing or an ion-implanted layer formed by 
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ion implantation. 

27. A support apparatus according to any of claims 7 to 
26, adapted to hold a sample formed by bonding 
first and second substrates (10, 20) having different 5 
strengths. 

28. A separating device ( 1 00) for separating a plate-like 
sample ( 1 0 1 ) at an internal fragile layer (101b), said 
separating apparatus comprising: 10 

a jet unit (102) for ejecting a fluid towards said 
fragile layer in the direction of the thickness the 
sample; and 

a support apparatus for supporting the sample 15 
in the path of said fluid, said support apparatus 
having the features recited in any of claims 7 to 
24. 



Patentanspruche 

1. Verfahren zum Trennen einer plattchenformigen 
Probe (101) an einer inneren zerbrechlichen 
Schicht (101b), wobei das Verfahren folgende 25 
Schritte aufweist: 

Halten der Probe (101) zwischen jeweiligen 
Kontaktabschnitten von zwei gegenubertiegen- 
den Halteabschnitten (120, 150), urn die Probe 30 
zwischenzuklemmen; und 

Ausstofcen einer Flussigkeit in Richtung auf die 
zerbrechliche Schicht an der Kante der Probe, 
um Flussigkeit in die Probe einzuspritzen, wo- 35 
bei die Probe getrennt wird, 

dadurch gekennzeichnet, daft: 

die Kontaktabschnitte konfiguriert werden, um zu 
bewirken, daft eine Seitenflache der gehaltenen *o 
Probe wahrend des Schrittes des AusstoSens der 
Flussigkeit gewellt wird. 

2. Verfahren zum Trennen einer plattchenformigen 
Probe nach Anspruch 1 , ferner einschliefJIich des 45 
Schritts des Rotierens der zwei Halteabschnitte 
(120, 150) um einen senkrecht zu den Halteober- 
flachen verlaufenden Schaft (1 03, 1 04), um die Pro- 
be zu rotieren. 

50 

3. Verfahren zum Trennen einer plattchenformigen 
Probe nach einem der Anspruche 1 und 2, wobei 
die zerbrechliche Schicht (101b) eine durch Anodi- 
sieren gebildete porose Si-Schicht (12) oder eine 
durch lonenimplantation gebildete ionenimplantier- 55 
te Mikrohohlraum-Schicht ist. 

4. Verfahren zum Trennen einer plattchenformigen 



Probe nach einem der Anspruche 1 oder 2, wobei 
die zu trennende Probe eine durch Verbinden erster 
und zweiter Substrate (10, 20) mit verschiedenen 
Starken gebildete Probe ist. 

5. Verfahren zum Trennen einer plattchenformigen 
Probe nach einem der Anspruche 1 bis 4, wobei 
Wasser als die ausgestoBene Flussigkeit verwen- 
det wird. 

6. Verfahren zur Herstellung eines Substrats, wobei 
das Verfahren die folgenden Schritte aufweist: 

sequentielles Ausbilden einer porosen Schicht 
(12) und einer nichtporosen Schicht (13) auf ei- 
nem ersten Substrat, um eine erste Verbund- 
platte (10) zu erzeugen; 
Ausbilden einer Isolationsschicht (15) auf ei- 
nem zweiten Substrat (14), um eine zweite Ver- 
bundplatte (20) zu erzeugen; 
in Kontakt Bringen der nichtporosen Schicht 
und der Isolationsschicht und Verbinden der er- 
sten und zweiten Verbundplatte, um eine platt- 
chenformige Probe (101) auszubilden, in wel- 
cher die porose Schicht eine innere zerbrechli- 
che Schicht (101b) ist; und 
Trennen der plattchenformigen Probe an der 
porosen Schicht durch ein Verfahren nach ei- 
nem der Anspruche 1 bis 5. 

7. Tragervorrichtung zum Tragen einer plattchenfor- 
migen Probe (101), wobei die Tragervorrichtung ge- 
eignet ist zum Gebrauch in einer Trennungseinrich- 
tung ( 1 00) zum Trennen der Probe an einer inneren 
zerbrechlichen Schicht (101b) durch den Druck ei- 
ner Flussigkeit, die von einer in der Trennungsein- 
richtung vorgesehenen Strahleinheit (102) ausge- 
stoften wird und in die Probe (101) eingespritzt wird, 
und in die Probe (101) eingespritzt wird, wobei die 
Tragervorrichtung zwei gegenuberliegende Halte- 
abschnitte (120, 150) zum Halten jeweils gegen- 
ubertiegender Seitenflachen der Probe aufweist, 
um die Probe zwischenzuklemmen, wobei die zwei 
Halteabschnitte einen Kontaktabschnitt zum Kon- 
taktieren eines ersten Teils einer Seitenflache der 
Probe aufweisen, um eine wesentliche Durchbie- 
gung des ersten Teils der Seitenflache der Probe 
zu verhindem, und dadurch gekennzetchnet ist, 
daft: zumindest einer der zwei Halteabschnitte ei- 
nen Kontaktabschnitt aufweist, der einen erhohten 
Abschnitt (121a, 122a, 123a, 124a, 125a, 126a) 
aufweist, der einen nichtkontaktierenden Hohlab- 
schnitt umschlieBt, um eine Durchbiegung eines 
zweiten Teils der Seitenflache der Probe zuzulas- 
sen, 

wobei die gegenuberliegenden Abschnitte konfigu- 
riert sind, um einer Seitenflache der gehaltenen 
Probe zu erlauben, unter dem Druck der von der 
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Strahleinheit ausgestollenen Flussigkeit gewellt zu 
werden. 

8. Tragervorrichtung zum Tragen einer plattchenfor- 
migen Probe (101), wobei die Tragervorrichtung ge- 5 
eignet ist zum Gebrauch in einer Trennungseinrich- 
tung (1 00) zum Trennen der Probe an einer inneren 
zerbrechlichen Schicht (101b) durch den Druck ei- 
ner Flussigkeit, die von einer in der Trennungsein- 
richtung vorgesehenen Strahleinheit (102) ausge- 10 
stoften wird und in die Probe (101) eingespritzt wird, 
wobei die Tragervorrichtung zwei gegenuberliegen- 

de Halteabschnitte (120, 150) zum Halten von je- 
weils gegenuberliegenden Seitenflachen der Probe 
aufweist, urn die Probe zwischenzuklemmen , wobei 1 5 
die zwei Halteabschnitte einen Kontaktabschnitt 
zum Kontaktieren eines ersten Teils einer Seitenfla- 
che der Probe aufweisen, um eine wesentliche 
Durchbiegung des ersten Teils der Seitenflache der 
Probe zu verhindern, und dadurch gekennzeich- 20 
net ist, dad: 

zumindest einer der zwei Halteabschnitte eine 
Vielfalt von Kontaktabschnitten (126a, 127a, 
128a, 129a, 129c, 131a, 135a, 136a, 2132a) 25 
und einen nichtkontaktierenden Abschnitt auf- 
weist, um eine Durchbiegung eines zweiten 
Teils der Seitenflache der Probe zuzulassen, 

wobei die gegenuberliegenden Abschnitte konfigu- 30 
riert sind, um einer Seitenflache der gehaltenen 
Probe zu erlauben, unter dem Druck der von der 
Strahleinheit ausgestofienen Flussigkeit gewellt zu 
werden. 

35 

9. Tragervorrichtung zum Tragen einer plattchenfor- 
migen Probe (101), wobei die Tragervorrichtung ge- 
eignet ist zum Gebrauch in einer Trennungseinrich- 
tung ( 1 00) zum Trennen der Probe an einer inneren 
zerbrechlichen Schicht (101b) durch den Druck ei- *o 
ner Flussigkeit, die von einer in der Trennungsein- 
richtung vorgesehenen Strahleinheit (102) ausge- 
stoBen wird und in die Probe (1 01) eingespritzt wird, 
wobei die Tragervorrichtung zwei gegenubertiegen- 

de Halteabschnitte (120, 150) zum Halten von je- 45 
weils gegenuberliegenden Seitenflachen der Probe 
aufweist, um die Probe zwischenzuklemmen, wobei 
die zwei Halteabschnitte einen Kontaktabschnitt 
zum Kontaktieren eines ersten Teils einer Seitenfla- 
che der Probe aufweisen, um eine wesentliche so 
Durchbiegung des ersten Teils der Seitenflache der 
Probe zu verhindern, und dadurch gekennzeich- 
net ist, daft: 

zumindest einer der zwei Halteabschnitte einen 55 
radialen Kontaktabschnitt (132a, 133a, 134a, 
137a) und einen nichtkontaktierenden Ab- 
schnitt aufweist, um eine Durchbiegung eines 



zweiten Teils der Seitenflache der Probe zuzu- 
lassen, 

wobei die gegenuberliegenden Abschnitte konfigu- 
riert sind, um einer Seitenflache der gehaltenen 
Probe zu erlauben, unter dem Druck der von der 
Strahleinheit ausgesto&enen Flussigkeit gewellt zu 
werden. 

10. Tragervorrichtung nach einem der Anspruche 7 bis 
9, wobei der erste und zweite Halteabschnitt (121, 
1 51 ) ein symmetrisches Paar bilden, so daB bei Ge- 
brauch der Kontaktabschnitt (121a) des ersten Hal- 
teabschnitts gegenuber einem jeweiligen Kontakt- 
abschnitts (151a) des zweiten Halteabschnitts an- 
geordnet ist. 

11. Tragervorrichtung entweder nach Anspruch 7 oder 
Anspruch 8, wobei sich der Kontaktabschnitt des 
ersten Halteabschnitts (2131, 2132) in GroBe oder 
Form von dem Kontaktabschnitt des zweiten Halte- 
abschnitts (2121, 2122) unterscheidet. 

12. Tragervorrichtung nach Anspruch 11, wobei der 
Kontaktabschnitt des zweiten Halteabschnitts 
(2121, 2122) eine tlache Oberflache aufweist. 

13. Tragervorrichtung nach Anspruch 7, wobei der er- 
ste Halteabschnitt (121, 151) einen Kontaktab- 
schnitt aufweist, der konzentrisch erhohte Ab- 
schnitte (126a, 126b) aufweist, die einen ringformi- 
gen Hohlabschnitt umschlieBen. 

14. Tragervorrichtung nach Anspruch 7, wobei die er- 
sten Halteabschnitte einen oder eine Vielzahl von 
streifenformigen Kontaktabschnitten (122a, 123a) 
aufweisen. 

15. Tragervorrichtung nach Anspruch 8, wobei der er- 
ste Halteabschnitt (127, 157) einen oder eine Viel- 
zahl von gekrummten Kontaktabschnitten (127a, 
157a) aufweist. 

16. Tragervorrichtung nach Anspruch 8, wobei der er- 
ste Halteabschnitt eine Vielzahl von vorstehenden 
Kontaktabschnitten (128a, 131a, 135a, 2132a) auf 
dessen Hauptkorperoberflache aufweist, wobei die 
Probe durch die Enden der Vielzahl von vorstehen- 
den Kontaktabschnitten gehaiten werden kann. 

17. Tragervorrichtung nach einem der Anspruche 7 bis 
16, wobei der erste Halteabschnitt einen Kontakt- 
abschnitt (138a, 168a) aufweist, der geeignet ist, 
mit einem Umfangsabschnitt der Probe in Kontakt 
zu kommen. 

18. Tragervorrichtung nach Anspruch 17, wobei der 
Kontaktabschnitt (138a, 168a) geeignet ist, den ge- 
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samten Umfangsabschnitt der Probe zu kontaktie- 
ren. 

19. Tragervorrichtung nach einem der Anspruche 7 bis 
18, ferner mit einem Begrenzungsabschnitt (138b, 5 
168b) zum Begrenzen der Durchbiegung einer Sei- 
tenflache der Probe, wenn die Flussigkeit in die Pro- 
be eingespritzt wird. 



eine Strahleinheit (102) zum AusstoBen einer 
Flussigkeit auf die zerbrechliche Schicht in der 
Richtung der Dicke der Probe; und 
eine Tragervorrichtung zum Tragen der Probe 
in der Bahn der Flussigkeit, wobei die Trager- 
vorrichtung die in einem der Anspruche 7 bis 
24 aufgefuhrten Merkmale aufweist. 



20. Tragervorrichtung nach einem der Anspruche 7 bis 
19, femer mit einem Einstellmechanismus (112) 
zum Einstellen des Abstands zwischen den Halte- 
abschnitten (120, 150). 

21. Tragervorrichtung nach Anspruch 20, wobei der 
Einstellmechanismus (112) betatigbar ist, urn die 
Probe zu drucken, urn den Abstand zwischen den 
Halteabschnitten (120, 150) einzustellen. 

22. Tragervorrichtung entweder nach Anspruch 20 
oder 21, wobei der Einstellmechanismus (112) be- 
tatigbar ist, urn einen im wesentlichen konstanten 
Abstand zwischen den Halteabschnitten (120, 150) 
aufrechtzuerhalten. 

23. Tragervorrichtung nach einem der Anspruche 7 bis 
22, wobei jeder Halteabschnitt (1 20, 1 50) einen Ein- 
spannmechanismus (181, 182) zum Vakuum-Ein- 
spannen der Probe aufweist. 



24. Tragervorrichtung nach einem der Anspruche 7 bis 

23, femer mit einem Rotationsmechanismus (110) 
zum Rotieren von zumindest einem der ersten und 
zweiten Halteabschnitte (120, 150) urn einen senk- 
recht zu den Halteoberflachen verlaufenden Schaft 
(104), urn die Probe zu rotieren. 

25. Tragervorrichtung nach einem der Anspruche 7 bis 

24, welche geeignet ist zum Haiten einer Probe, die 
ein Substrat mit einer porosen Schicht (12) als zer- 
brechliche Schicht (101b) aufweist. 

26. Tragervorrichtung nach Anspruch 25, wobei die 
zerbrechliche Schicht (101b) eine porose Schicht 
(12), die durch Anodisieren gebildet ist, oder eine 
ionenimplantierte Schicht ist, die durch lonenim- 
plantation gebildet ist. 

27. Tragervorrichtung nach einem der Anspruche 7 bis 
26, welche geeignet ist zum Haiten einer Probe, die 
durch Verbinden erster und zweiter Substrate (10, 
20) mit verschiedenen Starken gebildet ist. 

28. Trennungseinrichtung (100) zum Trennen einer 
plattchenformigen Probe (101) an einer inneren 
zerbrechlichen Schicht (101b), wobei die Tren- 
nungseinrichtung folgendes aufweist: 



10 Revendications 

1. Precede pour separer un echantillon (101) analo- 
gue a une plaque au niveau d'une couche interne 
fragile (101b), ledit procede comprenant les etapes 
*5 qui consistent : 

a maintenir I'echantillon (1 01) entre des parties 
de contact respectives de deux parties oppo- 
sees (120, 150) de maintien afin que I'echan- 
20 tillon soit serre entre el les ; et 

a ejecter un fluide vers ladite couche fragile au 
bord de I'echantillon afin d'injecter du fluide 
dans I'echantillon, separant ainsi rechantilfon, 

25 caracterise en ce que : 

lesdites parties de contact sont configurees 
de facon a rendre ondulee une face de I'echantillon 
maintenu pendant I'etape d'ejection du fluide. 



30 2. 
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4. 



50 5. 



55 6. 



Procede de separation d'un echantillon analogue a 
une plaque selon la revendication 1 , comprenant en 
outre I'etape consistant a faire tourner les deux par- 
ties de maintien (120, 150) autour d'arbres (103, 
1 04) perpendiculaires aux surfaces de maintien afin 
de faire tourner I'echantillon. 

Procede de separation d'un echantillon analogue a 
une plaque selon I'une des revendications 1 et 2, 
dans lequel la couche fragile (1 01 b) est une couche 
(12) de Si poreux forrnee par anodisation ou une 
couche a microcavites implantee d'ions, forrnee par 
implantation d'ions. 

Procede de separation d'un echantillon analogue a 
une plaque selon I'une des revendications 1 et 2, 
dans lequel I'echantillon devant etre separe est un 
echantillon forme en liant des premier et second 
substrats (10, 20) ayant des solidites differentes. 

Procede de separation d'un echantillon analogue a 
une plaque selon I'une quelconque des revendica- 
tions 1 a 4, dans lequel de I'eau est utilisee en tant 
que fluide ejecte. 

Procede de fabrication d'un substrat, le procede 
comprenant les etapes qui consistent : 

a former sequentiellement une couche poreuse 



18 



35 



EP 0 925 888 B1 



36 



( 1 2) et une couche non poreuse ( 1 3) sur un pre- 
mier substrat pour produire une premiere lame 
composite (10) ; 

a former une couche isolante (15) sur un se- 
cond substrat (14) pour produire une seconde 5 
lame composite (20) ; 

a amener ladite couche non poreuse et ladite 
couche isolante en contact et a lier lesdites pre- 
miere et seconde lames composites pour for- 
mer un echantillon (101) analogue a une pla- 10 
que dans lequel ladite couche poreuse est une 
couche interne fragile (101b) ; et 
a separer ledit echantillon analogue a une pla- 
que au niveau de ladite couche poreuse par un 
procede selon I'une quelconque des revendica- 1 5 
tions 1 a 5. 

7. Appareil de support destine a supporter un echan- 
tillon (101) analogue a une plaque, ledit support 
etant concu pour etre utilise dans un dtspositif de 20 
separation (100) destine a separer ledit echantillon 

au niveau d'une couche interne fragile (101b) par 
la pression d'un fluide ejecte depuis une unite a jet 
(102) situee dans ledit dispositif de separation et in- 
jecte dans ledit echantillon (101), ledit appareil de 25 
support ayant deux parties opposees (120, 150) de 
maintien destinees a maintenir des faces opposees 
respectives de I'echantillon afin que I'echantillon 
soit serre entre elles, les deux parties de maintien 
ayant une partie de contact destinee a entrer en 30 
contact avec une premiere portion d'une face de 
I'echantillon afin d'empecher toute deformation 
substantielle de ladite premiere portion de ladite fa- 
ce de I'echantillon, et etant caracterise en ce que : 

ladite, au moins une, des deux parties de 35 
maintien a une partie de contact comportant une 
partie surelevee (121a, 122a, 123a, 124a, 125a, 
126a) entourant une partie creuse sans contact 
pour permettre une deformation d'une seconde por- 
tion de ladite face de I'echantillon, 40 

dans lequel lesdites parties opposees sont 
configurees de fagon a permettre a une face de 
I'echantillon maintenu de devenir ondulee sous la 
pression du fluide ejecte de ladite unite a jet. 

45 

8. Appareil de support destine a supporter un echan- 
tillon (101) analoguea une plaque, ledit appareil de 
support etant congu pour une utilisation dans un 
dispositif de separation (1 00) destine a separer ledit 
echantillon au niveau d'une couche interne fragile 50 
(101b) par la pression d'un fluide ejecte d'une unite 

a jet (102) situe dans ledit dispositif de separation, 
et injecte dans ledit echantillon (101), I'appareil de 
support ayant deux parties opposees (120, 1 50) de 
maintien destinees a maintenir des faces opposees 55 
respectives de Techantillon afin que I'echantillon 
soit serre entre elles, les deux parties de maintien 
ayant une partie de contact destinee a entrer en 



contact avec une premiere portion d'une face de 
I'echantillon afin d'empecher toute deformation 
substantielle de ladite premiere portion de ladite fa- 
ce de I'echantillon et etant caracterise en ce que : 

ladite, au moins une, des deux parties de 
maintien a de multiples parties de contact (126a, 
127a, 128a, 129a, 129c, 131a, 135a, 136a, 2132a) 
et une partie de non-contact pour permettre une de- 
formation d'une seconde portion de ladite face de 
I'echantillon, 

dans lequel lesdites parties opposees sont 
configurees de fagon a permettre a une face de 
I'echantillon maintenu de devenir ondulee sous la 
pression du fluide ejecte de ladite unite a jet. 

9. Appareil de support destine a supporter un echan- 
tillon (101) analogue a une plaque, ledit appareil de 
support etant congu pour une utilisation dans un 
dispositif de separation (100) destine a separer ledit 
echantillon au niveau d'une couche interne fragile 
(101b) par la pression d'un fluide ejecte d'une unite 
a jet (1 02) situee dans ledit dispositif de separation, 
et injecte dans ledit echantillon (101), ledit appareil 
de support ayant deux parties opposees (120, 150) 
de maintien destinees a maintenir les faces oppo- 
sees respectives de I'echantillon afin que I'echan- 
tillon soit serre entre elles, les deux parties de main- 
tien ayant une partie de contact destinee a entrer 
en contact avec une premiere portion d'une face de 
I'echantillon afin d'empecher toute deformation 
substantielle de ladite premiere portion de ladite fa- 
ce de I'echantillon et etant caracterise en ce que : 

ladite, au moins une, des deux parties de 
maintien a une partie radiale de contact (132a, 
1 33a, 1 34a, 1 37a) et une partie de non-contact pour 
permettre une deformation d'une seconde portion 
de ladite face de I'echantillon, 

dans lequel lesdites parties opposees sont 
configurees de fagon a permettre a une face de 
I'echantillon maintenu de devenir ondulee sous I'ef- 
fet de la pression d'un fluide ejecte de ladite unite 
a jet. 

10. Appareil de support selon I'une quelconque des re- 
vendications 7 a 9, dans lequel les premiere et se- 
conde parties de maintien (121, 151) forment une 
paire symetrique telle que, lors de I'utilisation, la 
partie de contact (121a) de la premiere partie de 
maintien est positionnee de fagon a etre opposee a 
une partie de contact respective ( 1 51 a) de la secon- 
de partie de maintien. 

11. Appareil de support selon fa revendication 7 ou la 
revendication 8, dans lequel la partie de contact de 
la premiere partie de maintien (2131, 2132) differe 
en dimension ou en forme de la partie de contact 
de la seconde partie de maintien (2121, 2122). 
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12. Appareil de support selon la revendication 11 , dans 
lequel la partie de contact de la seconde partie de 
maintien (2121, 2122) presente une surface plate. 

13. Appareil de support selon la revendication 7, dans 
lequel la premiere partie de maintien (121, 151) a 
une partie de contact comprenant des parties sure- 
levees concentriques (126a, 126b) entourant une 
partie annulaire creuse. 

14. Appareil de support selon la revendication 7, dans 
lequel la premiere partie de maintien comporte une 
ou plusieurs parties de contact (122a, 123a) en for- 
me de bande. 

15. Appareil de support selon la revendication 8, dans 
lequel la premiere partie de maintien (127, 157) 
comporte une ou plusieurs parties courbes (127a, 
1 57a) de contact. 

16. Appareil de support selon la revendication 8, dans 
lequel la premiere partie de maintien comporte plu- 
sieurs parties ( 1 28a, 1 3 1 a, 1 35a, 2 1 32a) de contact 
en saillie sur une surface de corps principal de cette 
partie, grace a quoi I'echantillon peut etre maintenu 
par les extremites desdites plusieurs parties de 
contact en saillie. 



agir de facon a maintenir une distance sensible- 
ment constante entre les parties de maintien (120, 
150). 

5 23. Appareil de support selon Tune quelconque des re- 
vendications 7 a 22, dans lequel chaque partie de 
maintien (120, 150) comporte un mecanisme (181, 
182) a plateau de serrage destine a immobiliser par 
vide I'echantillon. 

10 

24. Appareil de support selon Tune quelconque des re- 
vendications 7 a 23, comportant en outre un meca- 
nisme (110) de rotation destine a faire tourner au 
moins Tune des premiere et seconde parties de 

15 maintien (120, 150) autour d'un arbre (104) perpen- 
diculaire aux surfaces de maintien afin de faire tour- 
ner rechantillon. 

25. Appareil de support selon Tune quelconque des re- 
20 vendications 7 a 24, concu pour maintenir un 

echantillon qui comporte un substrat ayant une cou- 
che poreuse (1 2) en tant que couche fragile (101b). 

26. Appareil de support selon la revendication 25, dans 
25 lequel la couche fragile (101b) est une couche po- 
reuse (12) formee par anodisation ou une couche 
implantee d'ions formee par implantation d'ions. 



17. Appareil de support selon Tune quelconque des re- 
vendications 7 a 16, dans lequel la premiere partie 30 
de maintien comporte une partie de contact (138a, 
168a) concue pour venir en contact avec une partie 
peripherique de rechantillon. 



18. Appareil de support selon la revendication 1 7, dans 35 
lequel ladite partie de contact (138a, 168a) est con- 
cue pour entrer en contact avec la partie peripheri- 
que entiere de rechantillon. 

19. Appareil de support selon Tune quelconque des re- *o 
vendications 7 a 18, comportant en outre une partie 

de limitation (138b, 168b) destinee a limiter la de- 
formation d'une face de rechantillon lorsque ledit 
fluide est injecte dans rechantillon. 

45 

20. Appareil de support selon I'une quelconque des re- 
vendications 7 a 19, comportant en outre un meca- 
nisme de reglage (112) pour regler la distance entre 
les parties de maintien (120, 150). 

50 

21. Appareil de support selon la revendication 20, dans 
lequel ledit mecanisme de reglage (112) peut agir 
de facon a appliquer une pression a rechantillon 
pour regler la distance entre les parties de maintien 
(120, 150). 55 



27. Appareil de support selon I'une quelconque des re- 
vendications 7 a 26, congu pour maintenir un 
echantillon forme en liant des premier et second 
substrats (10, 20) ayant des solidites differentes. 

28. Dispositif de separation (100) destine a separer un 
echantillon (101) analogue a une plaque au niveau 
d'une couche interne fragile (101b), ledit appareil 
de separation comportant : 

une unite a jet ( 1 02) destinee a ejecter un fluide 
vers ladite couche fragile dans la direction de 
I'epaisseur de I'echantillon ; et 
un appareil de support destine a supporter 
I'echantillon dans la trajectoire dudit fluide, ledit 
appareil de support ayant les caracteristiques 
citees dans I'une quelconque des revendica- 
tions 7 a 24. 



22. Appareil de support selon la revendication 20 ou 2 1 , 
dans lequel ledit mecanisme de reglage (112) peut 
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FIG. 3 
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FIG. 6 
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FIG. 8 
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FIG. 11 
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FIG. 16 
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FIG. 18 
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FIG. 25A FIG. 25B 




40 



EP 0 925 888 B1 




41 



EP 0 925 888 B1 



1^- 
CM 

d 




42 



EP 0 925 888 B1 



FIG. 28 
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FIG. 29 
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